INTRODUCTION
============

Paracoccidioidomycosis (PCM) is a systemic mycosis caused by the thermal dimorphic fungus *Paracoccidioides brasiliensis* and is endemic in Latin America. Brazil presents the highest number of PCM cases of the Latin countries, with PCM predominantly occurring in the southern, southeastern and midwestern regions of Brazil^[@B06],[@B12],[@B24]^.

Infection occurs through the inhalation of conidia and mycelia fragments from the soil and is predominant in rural workers. Once inhaled, the conidia advance to the pulmonary alveoli, where they settle, advance into the yeast phase and constitute the primary complex. Thereafter, lymphohematogenous dissemination can spread the fungi to any site in the organism. Individuals with appropriate cell mediated immunity show regression of these foci; however, viable fungi can remain in a latent stage, which can reactivate causing a disease with the chronic form. Individuals with compromised cellular immunity can develop the disease immediately after the infection, usually presented as the acute/subacute form^[@B14]^.

PCM demonstrates some puzzling regional differences, such as the rarity of acute/subacute cases in Uruguay^[@B11]^, Paraguay^[@B28]^ and Argentina^[@B15]^. In Brazil, the prevalence of the acute/subacute clinical form varies by state and region as well, being rare in Rio Grande do Sul^[@B10]^ and more frequent in the states of Maranhão^[@B20],[@B38]^, Pará^[@B13]^, Minas Gerais^[@B23]^, São Paulo^[@B06]^, Mato Grosso do Sul^[@B24]^, and Rio de Janeiro^[@B37]^.

However, as transversal analyses of PCM in the region are scarce, this study was proposed to verify if modifications in the behavior of PCM have occurred over the past three decades in the endemic area of Mato Grosso do Sul.

PATIENTS AND METHODS
====================

**Study design.** Case series observational epidemiological study.

**Location and study period.** Research was conducted at the Department of Infectious and Parasitic Diseases (IPD) at the Federal University of Mato Grosso do Sul University Hospital (NHU-UFMS), located in Campo Grande - MS. Data for this study were collected as part of systemic mycoses clinical services and included cases treated from 1980 to 2009.

**Study participants.** All cases of paracoccidioidomycosis confirmed by identification of the etiologic agent by direct mycological examination, culture or histopathology from clinical specimens were included in this study.

**Data collection.** The clinical and epidemiological data of patients admitted between 1980 and 1998 were obtained by retrospective analysis of medical records. From 1999 onwards, the study became prospective and utilized a collection protocol developed for this purpose. Patients were divided into three groups according to decade of diagnosis: 1980 to 1989, 1990 to 1999 and 2000 to 2009.

**Classification of clinical forms and outcomes.** Patients were classified by acute/subacute or chronic clinical form according to specifications set forth by MENDES^[@B21]^.

Cure was defined as the disappearance of the clinical manifestations previously presented by every patient, associated with disappearance of the pulmonary lesions of active disease on chest radiography or its substitution by fibrotic scars, normalization of the erythrocyte sedimentation rate (or C-reactive protein serum levels), and a regression to negative of the antibody serum levels determined by the double agar gel immunodiffusion test, independently of casual relapse and re-treatment.

Deaths were considered only those occurring in patients with active disease clinically attributable to paracoccidioidomycosis and/or confirmed by postmortem examination.

**Statistical analysis.** Comparison of frequencies was performed by chi-square test or Fisher\'s exact test. When three groups were compared, analysis was completed with the Goodman test. Continuous variables were presented as mean and standard deviation. The comparison between two means was performed by Student\'s t test. Statistical analyses were performed using SAS version 9.2 (SAS Institute, Cary, North Carolina). Differences were considered significant when ***p*** ≤ 0.05.

**Ethical considerations.** The project was approved by the Federal University of Mato Grosso do Sul Ethics Committee on Human Research, under protocol No. 1620 on March 4^th^, 2010.

RESULTS
=======

During the study period, 595 patients ranging in age from four to 94 years (45.2 ± 14.2) were included and 549 (92.3%) of these patients were male. Of these patients, 73 (12.3%) presented the juvenile form. Association with HIV was observed in 16 (2.7%) patients and association with tuberculosis was found in 41 (6.9%) patients. There were 40 (6.7%) deaths among the 595 patients evaluated during the period from 1980 to 2009.

The first decade (1980 - 1989) revealed a higher prevalence of female patients and a lower prevalence of male patients than in the third decade (2000 - 2009), as shown in [Table 1](#t01){ref-type="table"}. The prevalence of patients up to 39 years of age was lower in the third decade (2000 - 2009) than in the other two decades; however, patients aged 40 to 59 years old were more prevalent in the third decade (2000 - 2009) than in the other two decades ([Table 1](#t01){ref-type="table"}). The first decade (1980 - 1989) showed a higher prevalence of acute/subacute cases and a lower prevalence of chronic cases than in other decades ([Table 1](#t01){ref-type="table"}). Finally, coinfection with HIV increased with time, but remained stable for the last two decades, whereas coinfection with tuberculosis remained stable throughout the three decades ([Table 1](#t01){ref-type="table"}).

Table 1Distribution of 595 paracoccidioidomycosis patients by period of admission at the Infectious and Parasitic Diseases - University Hospital of the Universidade Federal do Mato Grosso do Sul, and clinical and epidemiological (demographic) findings1980-19891990-19992000-2009*p* valuen=206n=216n=173N%N%N%**Gender**\<0.03 Female2411.7146.584.6 Male18288.320293.516595.4**Age group (years)**\<0.01 0-19188.7125.642.3 20-396933.56228.72715.6 40-599144.211251.910862.4 ≥602813.63013.93419.7**Clinical Form**\<0.01 Acute/Subacute4421.4219.784.6 Chronic16278.619590.316595.4**HIV co-infection**00.094.274.0\<0.01**Tuberculosis co-infection**136.3104.6189.80.12

The average age increased from the first to the third decade of study: 41.8 ± 15.1 years in the first decade, 45.0 ± 13.3 years in the second decade and 49.5 ± 13.1 years in the third decade (*p* \< 0.01).

Mortality remained stable throughout the three decades and showed no difference in clinical form, except a tendency for more acute-subacute cases than chronic cases in the second decade (***p*** = 0.062), as shown in [Table 2](#t02){ref-type="table"}.

Table 2Distribution of 595 paracoccidioidomycosis patients by period of admission at the service, clinical form and outcomeDecadeTotal*p* value1980-19891990-19992000-2009**Acute/subacute form (AF)**0.70 Death5 (11.4)4 (19.0)1 (12.5)10 Cured39 (88.6)17 (81.0)7 (87.5)63**Chronic Form (CF)**0.49 Death9 (5.6)14 (7.2)7 (4.2)30 Cured153 (94.4)181 (92.8)158 (95.8)492**Total** Death14 (6.8)18 (8.3)8 (4.6)400.35 Cured192 (93.2)198 (91.7)165 (95.4)555

Regarding treatment, cotrimoxazole was taken by 90.3% of patients in the first decade, 90.0% in the second decade and 89.6% in the third decade.

DISCUSSION
==========

The prevalence of different clinical forms of PCM varies depending on the geographic area in which it occurs. The acute-subacute form, also called the juvenile form, is less prevalent than the chronic form, or the adult form. However, PCM prevalence was higher in the states of Pará, Maranhão, Minas Gerais, Goiás, São Paulo and Rio de Janeiro^[@B04],[@B07],[@B14],[@B20],[@B23],[@B37],[@B38]^, than observed in the state of Rio Grande do Sul and in neighboring countries like Argentina and Paraguay, where the disease occurs almost exclusively in adult men^[@B10],[@B15],[@B18],[@B28]^.

These differences have not been explained and may be related to multiple factors. Deforestation in agricultural frontiers, such as occurs in the Amazon region in the states of Pará, Maranhão and Tocantins, could result in a greater risk of presenting the acute/subacute form due to an higher exposure rate to the inoculum and/or by reaching a population whose previous exposure to fungus never occurred or was uncommon. Occupational exposure of children and young adults to *P. brasiliensis* during farm work may be greater in these locations.

Furthermore, the discovery of differences between pathogenic strains of *P. brasiliensis*, which culminated in the description of a new species named *Paracoccidioides lutzii* ^[@B35]^, could explain these clinical differences, which are still unknown for PCM but demonstrated in classical and African histoplasmosis and *neoformans* e *gattii* cryptococcosis^[@B33],[@B34]^. Studies on the geographical distribution of *P. lutzii* are still preliminary^[@B36]^.

The reduction in acute/subacute cases observed during the study period may have been due to the significant increase in the age group affected by the disease related to the lower exposure of children and adolescents to the fungus as a result of intense public policy aimed at reducing child labor in the plantations of the country^[@B08]^.

The prevalence and incidence of the acute/subacute form also depends on environmental conditions. A cluster of this clinical form was observed in the region of Botucatu and was related to the El Niño Southern Oscillation (1982 - 1983). This climatic event increased the soil water storage with consequent production of conidia and increased moisture in the air in 1984, leading to this temporal cluster in 1985^[@B03]^. Interestingly, in this study, the prevalence of the acute/subacute form was higher during the period 1980 - 1989, the same decade in which the cluster was observed in the region of Botucatu (SP). If this explanation is applied to the findings of the State of Mato Grosso do Sul, the first decade of this study would have shown an increase in acute/subacute cases. Thus, a study of climatic variables and soil conditions could contribute to a more concrete explanation of the observed variation.

The prevalence of female cases also decreased. In the prepubertal age, PCM has been known to occur in similar proportions between boys and girls, with a gender ratio of 1.7:1.0^[@B13]^. After menarche, women become less susceptible to PCM due to the presence of estrogen, which slows or inhibits the transformation of filamentous phase, the infective, pathogenic yeast phase^[@B31]^. In this way, the chronic form is much more prevalent in men, with a gender ratio of 15:1^[@B24]^.

In this study, there were no cases of PCM co-infection with AIDS in the first decade, a period in which there occurred fewer AIDS cases in the state and AIDS was prevalent in homosexual men and/or residents of the most populous cities^[@B07]^. In the next two decades, the prevalence of this co-infection remained stable at 4.2% and 4.0%, respectively.

Since *P. brasiliensis* is an intracellular parasite and resistance to PCM depends on cell mediated immunity, a significant increase of PCM associated with HIV infection was expected. This association has been observed less frequently than with other endemic systemic mycoses, such as histoplasmosis^[@B05],[@B09],[@B22],[@B25]^. The usage of low doses of trimethoprim-sulfamethoxazole for prophylaxis of *Pneumocystis jirovecci* by patients in the study population could be a possible explanation for the relatively low incidence of PCM-AIDS co-infection. This medicine would also have protected against *P. brasiliensis* infection.

Another possible explanation could be less exposure of HIV-infected patients, who generally live in urban areas, to *P. brasiliensis*, which is reserved in rural agricultural areas. A study of HIV-infected individuals^[@B29]^, in the same study center showed a 12.5% prevalence of *P. brasiliensis* infection by assessing intra-dermal reactions with gp43. The dosage used was 0.1mL of gp43 at a concentration of 60 µL/mL, which is the same as used in other studies with non-HIV infected individual^[@B19]^. In that study, regarding the levels of CD4+ cells, 23.3% of patients presented less than 200 cells/mm^3^, 22.2% presented between 200 and 350 cells/mm^3^, and 54.5% presented more than 350 cells/mm^[@B03]^. The possible anergy of HIV-positive patients is important to consider, especially those with lower CD4+. No control group was used for comparison. However in the same region in a population of farm workers with no HIV-infected individuals, the prevalence was found to be 45.8%^[@B19]^.

PCM-tuberculosis coinfection has been observed in 5.5% to 19% of patients with this mycosis^[@B17],[@B24],[@B26]^ and constitutes an important public health issue, not only for the high prevalence of tuberculosis in Brazil, but also because they are involved in the differential diagnosis of many cases^[@B16]^.

Throughout the study period, 6.9% of PCM patients showed active pulmonary tuberculosis during the course of this mycosis. The prevalence of PCM-tuberculosis co-infection remained stable throughout the study period. Interestingly, tuberculosis is observed in poorly ventilated urban areas and PCM predominates in rural environments^[@B27]^. The migration of rural workers to urban areas is increasing, which could explain the increased exposure of the patient with PCM to *Mycobacterium tuberculosis*.

Data on the mortality of the disease are rare. Deaths by PCM have been observed in 4.3% to 14.0% of cases, and the most frequent cause of death of patients with the chronic form are respiratory failure and Addison\'s syndrome, while the acute/subacute cases are intensely disseminated and involve multiple organs^[@B01],[@B02],[@B37]^. In the present study, 6.7% of patients died, with no noticeable reduction in this rate from the first to the third decade. A potential explanation for this finding could be the difficulty of PCM treatment compliance observed in the study population^[@B24]^.

Treatment was the same (cotrimoxazole) throughout the study period; however, the dosage and period of treatment could not be ascertained during the retrospective phase of the study (1980 to 1998).

The main change in the epidemiology of the disease observed over the three decades studied in Mato Grosso do Sul was the increased age of cases affected by paracoccidioidomycosis which was accompanied by a reduction in the prevalence of female cases and acute/subacute cases.
